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NOTICE 


When  government  drawings,  specifications,  or  other  dal.,  are  used  for  any  purpose  other  than  in  connection 
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drawing*  specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture,  use.  or  sell  any  patented 
invention  that  may  in  any  way  be  related  thereto.  This  report  is  not  to  Ih>  used  in  whole  or  in  part  for  advertising  or  sties 
purposes. 


ABSTRACT 


The  Stamp  Strap  Program  requires  that  Live  All-Up  Round  Configuration 
MK-82  Bombs  be  shipped  by  aircraft  for  rapid  deployment.  There  is, 
however,  concern  that  the  vibration  caused  by  the  aircraft  on  the  MK-82 
bombs  with  fins  may  have  an  effect  on  the  safety  of  personnel  and  aircraft. 


Vibration  tests  were  conducted  on  palletized  inert  MK-82  bombs  with 
fins  IAW  a  modified  Method  5020.1  vibration  test  of  Federal  Test  Method 
Standard  No.  101. 

Although  the  vibrations  developed  during  aircraft  shipments  may  not 
be  as  severe  as  those  developed  during  the  tests,  there  is  concern  whether 
damage  could  occur  to  the  propellant,  igniter,  squib,  fuze  or  if 
preignition  could  occur  in  shipment.  ^ 
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INTRODUCTION 


BACKGROUND :  The  Stamp  Strap  Program  requires  that  the  all-up  round 
configuration  MK-82  bombs  be  shipped  by  C-5  and  C-141  aircraft  for  rapid 
deployment.  There  is  however,  concern  that  vibrations  caused  in  aircraft 
shipments  may  have  a  detrimental  effect  on  the  safety  of  personnel  and 
aircraft. 

PURPOSE:  The  purpose  of  this  project  was  to  determine  if  the  MK-82  bombs 
could  be  shipped  in  an  all-up  round  configuration  on  the  MHU-149/E  pallets 
without  damage  to  the  pallet,  the  MK-82  bomb,  and  the  fins. 

TEST  SPECIMENS:  Two  each  pallets  MHU-149/E  for  the  MK-82  bombs  and  twelve 
each  retard  fins  MAU-93  were  furnished  by  OO-ALC/DSY,  Hill  AFB  UT  84406. 
Twelve  each  insert  MK-82  bombs  and  twelve  each  conical  fins  MK-15  were 
furnished  by  the  71st  Ordnance  Detachment/EOD,  WPAFB  OH  45433  for  these 
tests. 

Assembly  of  the  fins  to  the  MK-82  bombs  (Figure  1  and  3,  Assembly  of  the 
MK-82  Bombs,  with  Fins  on  the  Pallets  (Figure  1  and  2)  and  the  tie-down 
of  the  pallets  (simulated  as  for  aircraft  shipment)  on  the  463L  System 
(Figure  4,  5  and  6)  was  accomplished  by  personnel  from  OO-ALC/DSY, 

Hill  AFB  UT  84406. 

TEST  OUTLINE  AND  TEST  EQUIPMENT:  Tests  were  conducted  in  accordance  with 
a  modified  Federal  Test  Method  Standard  (FTMS)  No.  101,  Method  5020.1, 
Vibration  (Sinusoidal  Motion).  Both  tests  were  conducted  at  a  logarithmic 
sweep  rate  of  %  octave  per  minute  over  a  frequency  range  of  2  to  64  Hz 
and  return  for  a  period  of  2  hours.  The  platform  amplitude  generated  a 
0.2  to  1.0  G  peak  acceleration  during  the  test.  The  resonant  frequencies 
were  obtained  and  the  pallets  were  vibrated  an  additional  15  minutes  at 
each  of  the  indicated  resonant  frequencies. 

The  equipment  used  for  the  tests  was  a  150,000  pound  capacity,  shock  and 
vibration  testing  system,  MTS  closed  loop  electrohydraulic  testing  machine 
(Figure  4). 

TEST  PROCEDURE  AND  RESULTS 


TEST  NO.  1:  The  first  sequence  of  testing  was  conducted  on  the  MK-82 
bombs  with  the  conical  fins  MK-15.  Two  pallets  with  the  MK-82  bombs  were 
mounted  on  the  463L  pallet  as  shown  on  Figure  4.  The  modified  FTMS  No.  101, 
Method  5020.1  Vibration  (Sinusoidal  Motion)  test  was  conducted  for  a 
period  of  two  hours.  At  the  end  of  the  two  hour  test,  resonant  frequencies 
were  found  at  11,  15,  19  and  22  Hz  and  the  test  was  continued  for  an 
additional  fifteen  minutes  at  each  of  the  resonant  frequencies. 

RESULTS :  It  was  noted  that  at  the  initial  start  of  the  test  and  at  16  Hz 
the  inner  (upper  and  lower)  bombs  on  both  pallets  began  to  rotate  in  a 
clockwise  direction  (Figure  7).  Forward  movement  was  also  noted  during 
the  two  hour  test  period.  The  bomb  movements  were  in  a  horizontal  direction 
from  a  minimum  of  1/8  inch  to  a  maximum  of  4-1/4  inches  (Figure  8  and  9). 


Cover  plates  for  the  ATC-35  had  also  vibrated  loose  on  two  of  the  fins 
MK-15  (Figure  10).  During  the  resonant  frequency  test  at  11  Hz  the  bombs 
vibrated  with  such  movement  that  it  caused  the  fins  of  the  bombs  to  strike 
each  other.  Visual  inspection  of  the  items  at  the  end  of  the  tests  did  not 
reveal  any  physical  damage  to  the  pallets,  MK-82  bombs  or  the  fins  MK-15. 

TEST  NO .  2 :  For  the  second  sequence  of  tests  the  pallets  were  modified  as 
follows.  One  pallet  set  was  modified  by  lining  the  upper  and  lower  saddles 
with  a  self  adhesive  neoprene  sponge  rubber,  3/16  inch  thick  and  1-1/2 
inch  wide  (Figure  11  and  12).  One  pallet  set  was  modified  by  drilling  a 
9/16  inch  hole  below  the  saddle  of  the  cross-member.  The  forward  lug  on 
the  MK-82  bomb  was  taen  held  in  position  by  a  1/2  inch  diameter  bolt 
(Figure  13) . 

The  conical  fins  MK-15  were  removed  and  replaced  by  the  retard  fins  MAU-93. 
The  bombs  were  placed  on  the  pallets  and  mounted  on  the  463L  pallet.  The 
pallets  were  then  vibrated  for  two  hours  at  the  same  frequencies  as  in 
Test  No.  1.  At  the  end  of  the  two  hour  test  resonant  frequencies  were 
found  at  12,  15,  18  and  20  Hz  and  the  test  was  continued  for  an  additional 
fifteen  minutes  at  each  of  the  resonant  frequencies. 

RESULTS :  A  slight  rotation  was  noted  on  the  fins  MAU-93  lower  right  bomb, 
left  pallet  (Figure  14),  however,  this  was  a  result  of  the  initial  placement 
of  the  bomb  on  the  pallet  and  not  a  result  of  the  testing.  The  tape  marking 
on  the  upper  left  bomb,  right  pallet,  is  not  in  a  perfect  vertical  position. 
This  is  also  a  result  of  the  initial  placements  of  the  tape  on  the  nose  of 
the  bomb  and  not  a  result  of  the  testing.  No  rotation  was  noted  during  the 
modified  pallet  testing  (left  pallet  neoprene  sponge  rubber  on  saddles, 
right  pallet  lugs  held  in  position  by  1/2  inch  diameter  bolt),  however,  the 
bombs  did  move  in  a  horizontal  direction  on  the  neoprene  sponge  rubber 
modified  pallets.  The  bomb  movements  were  in  a  horizontal  direction  from  a 
minimum  of  3/16  inch  to  a  maximum  of  15/16  inch.  During  the  resonant 
frequency  test  at  12  Hz  the  bombs  vibrated  with  such  movement  that  it 
caused  the  fins  of  the  bombs  to  strike  each  other.  Visual  inspection  of 
the  items  at  the  end  of  the  tests  did  not  reveal  any  physical  damage  to  the 
pallets,  MK-82  bombs  or  the  fins  MAU-93. 

Deterioration  of  the  neoprene  sponge  rubber  was  noted  at  the  end  of  the 
test  (Figure  15  and  16). 

CONCLUSION:  Method  5020.1  Vibration  (Sinusoidal  Motion)  of  Federal  Test 
Method  Standard  No.  101  was  modified  for  this  project.  Although  the 
modified  test  was  less  severe  than  the  original  Method  5020.1,  the 
palletized  MK-82  bombs  experienced  rotational  and  horizontal  movement. 

It  is  assumed  that  these  conditions  of  vibration  would  not  exist  for  the 
extended  periods  of  time  during  deployment  in  the  C-5  and  C-141  aircraft. 
However,  in  an  all-up  live  round  configuration  we  cannot  state  what  may 
happen  to  the  propellant,  igniter,  squib,  fuze  or  if  preignition  could 
occur  from  the  vibrations  at  take-off  or  in  transit. 

RECOMMENDATION :  To  keep  the  bombs  from  rotational  and  horizontal  movement 
and  to  stabilize  the  load  on  the  pallets  it  is  recommended  that  future 
designs  of  pallets  include  rectangular  slots  in  the  saddles  of  the  pallet 
cross-members  to  accept  both  the  forward  and  aft  mounting  lugs  (Figure  17) . 
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Figure  4.  Pallets  MHU-149/E 
Assembled  on  463L 
on  Vibration  Testing 
Machine 


Figure  5.  Tie-down  of  Pallets 
MHU-149/E  to  463L 
System 


Figure  6.  Tie-down  of  Pallet 
MHU-149/E  to  463L 
System 


Figure  7.  MK-82  Bomb  Rotation, 

Clockwise  Direction, 
End  of  Test  No .  1 


Figure  8.  MK-82  Bomb  Movement, 

Horizontal  Direction 
End  of  Test  No.  1 


Figure  9.  MK-82  Bomb  Movement, 

Horizontal  Direction 
End  of  Test  No.  1 


Figure  10.  Fin  Cover  Plate  for 
the  ATC-35  Vibrated 
Loose  During  Test  No.  1 


Figure  11.  Saddles  Lined  With 

Self  Adhesive  Neoprene 
Sponge  Rubber  for 
Test  No.  2 


Figure  12.  Saddles  Lined  With 

Self  Adhesive  Neoprene 
Sponge  Rubber  for 
Test  No.  2 


Figure  13.  1/2  Inch  Bolt  Thru 

Forward  Lug  and  Cross- 
Member  of  Pallet  to 
Retain  MK-82  Bombs 
in  Stationary  Position, 
Test  No.  2 


Figure  14.  End  of  Test  No.  2 
MK-82  Bombs  With 
Retard  Fins  MAU-93 


Figure  15.  Deterioration  of 

Neoprene  Sponge  Rubber 
End  of  Test  No.  2 
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